Kafkas Univ Vet Fak Derg
18 (5): 725-730, 2012
DOI:10.9775/kvfd.2011.6013

JournAL Home-PacE: http://vetdergi.kafkas.edu.tr
ONLINE Susmission: http://vetdergikafkas.org

RESEARCH ARTICLE

The Effects of Cereal and Legume Flours
on the Quality Characteristics of Beef Patties "

SUKri KURT *+”° Osman KILINCCEKER **

[1] This study was supported by Adiyaman University Research Fund (Project No: AMYOBAP2011/0008)

* Department of Food Engineering, University of Adiyaman, TR-02040 Adiyaman - TURKEY
** Department of Food Processing, University of Adiyaman, TR-02040 Adiyaman - TURKEY

Makale Kodu (Article Code): KVFD-2011-6013

Summary

The effects of cereal and legume flours (wheat, barley, oat, rye, rice, corn, soy, chickpea and yellow lentil flours) on the physical,
chemical, and sensory properties of beef patties were investigated. Meat patties were prepared using beef, beef back fat, and spices.
Each of the flours was added to each formulation instead of beef back fat at the level of 5%. Effects of the cereal and legume flours
(CLFs) on pH, proximate composition, cooking yield, diameter reduction, and sensory properties of beef patties were studied. The
effects of CLFs on the protein and fat values of raw and cooked beef patties were found to be significant. However, CLFs increased
yield, moisture, and fat retention and decreased diameter reduction values. Oat flour increased moisture retention, odour, texture,
flavour and overall acceptability values of the cooked beef patties the best. Among the legume flours, chickpea flour had higher
performance on the sensorial properties of beef patties. However, yellow lentil flour decreased sensory scores significantly.

Keywords: Beef, Beef patties, Cereal, Legume, Patty

Tahil ve Baklagil Unlarinin Sigir Eti Koftelerinin
Kalite Ozellikleri Uzerindeki Etkileri

Ozet

Tahil ve baklagil unlarinin (bugday, arpa, yulaf, cavdar, piring, misir, soya, nohut ve sari mercimek) sigir eti koftelerinin, fiziksel,
kimyasal ve duyusal 6zellikleri Gzerindeki etkileri arastirilmistir. Et kdfteleri, sigir eti, sigir kabuk yagi ve baharat kullanilarak hazirlanmistir.
Her bir formilasyonda, farkli unlar %5 oraninda sigir kabuk yagi yerine kullanilmistir. Tahil ve baklagil unlarinin sigir eti koftelerinin, pH,
nem, yag, protein, pisirme verimi, cap kiiciilmesi ve duyusal 6zellikleri Gzerindeki etkileri arastiriimistir. Tahil ve baklagil unlarinin, ham
ve pismis sigir eti koftelerinin protein ve yag dederleri lizerindeki etkileri Snemli bulunmustur. Bununla birlikte, tahil ve baklagil unlari,
koftelerin, pisirme verimini, nem degerlerini ve yag tutma degerlerini artirirken, cap kiiglilmesi degerlerini azaltmistir. Unlar arasinda
yulaf unu, nem tutma degerlerini, koku, tekstir, lezzet ve genel kabul edilebilirlik degerlerini en fazla artiran un olmustur. Sigir eti
koftelerinin duyusal 6zellikleri Gizerinde nohut ununun performansi, diger baklagil unlarina kiyasla daha ytiksek bulunmustur. Bununla
birlikte, sari mercimek unu duyusal skorlari 5nemli derecede dustirmustdir.

Anahtar sézciikler: Sigir eti, Sigir eti kéftesi, Tahil, Baklagil, K6fte

INTRODUCTION

Meat and meat products are preferred by consumers in
terms of nutritional and sensory properties. The amount of
fat in formulations of meat products is an important factor
for product quality, technological properties and health. The
desirable sensory characteristics of juiciness and mouth feel
of meat patties are associated with fat level . Reduction in fat

adversely affects the textural and sensorial characteristics
of meat products 2 Proteins, modified starches, gums, and
cereal and legume flours are used to reduce the adverse
effects of fat reduction 7. They can increase moisture and
fat retention capability of meat products, thus increasing
the juiciness and improving brittleness meat products.
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The type and the amount of non-meat ingredients in
formulations of meat products are the most important
factors for product quality, technological properties and
health &'°, Formulations of meat patties may include one
or more cereal and legume products. Cereal flours are used
widely in ground meat products as a binder or extender.
Some of them, such as oat flour, increase moisture and fat
retention in beef patties '". Oat products such as oat bran
and oat fiber in meat patties increased moisture retention
and bran improved mouth feel '. However, recent studies of
ground meat products have focused on legume flours 213,
Some of the legumes, such as lentils and chickpeas, are
rich in protein and starch content '*'>, Lentil and chickpea
flours can be used in meat products as coating materials or
extenders '*>, However, soy products have been widely
used in meat products for many years because of their
higher protein content and the functional properties of their
proteins.

Cereal and legume flours can cause differences in
the physical, chemical, and sensorial characteristics
of beef patties. Therefore, in this study, the effects of
using nine different cereal and legume flours instead of
beef fat on some quality parameters of beef patties were
investigated.

MATERIAL and METHODS

Patty Preparation

Beef (semimembranosus) and beef fat pieces (2-3 cm?
in size) were mixed and minced in a grinder (Tefal, Le
Hachoir 1500, France). This minced meat was divided into
10 parts. Five percent minced beef fat on the basis of patty
formulation was added to the first part and then minced
in a grinder. However, each of the remaining 9 parts was
minced again in a grinder. Five percent of cereal or legume
flours were added to these remaining parts on the basis
of patty formulation. The following ingredients were
added to the each part: 1.5% salt, 1.2% red pepper, 0.3%
black pepper, 0.3% cumin, and 1.7% onion powder. One
kg of each formulation was then kneaded for 10 min by
hand to obtain uniform meatball batter. Then, each 25 g of
batter was shaped with silicone moulds into 1.4 cm thick
and 4.8 cm diameter circular-shaped patties. The patties
were cooked on a preheated electric grill (Philips HD4417,
Philips, Amsterdam, the Netherlands) for 4 min on each
side. The core temperature of patties was reached to 74°C
during cooking. Core temperature was measured a digital
thermometer with a penetration probe (Testo 926, Testo
AG, Lenzkirch, Germany). Five meat patties were used for
the analysis of each treatment.

Determination of the pH

Ten grams of sample was homogenized in 100 ml distilled
water and the pH was measured using a pH meter (Orion

3-star, MA, USA) equipped with temperature probe as
outlined by Ockerman ',

Determination of the Proximate Composition

Moisture, fat,and protein were determined according
to AOAC V. Protein was determined as crude protein using
the Kjeldahl method. Fat was determined as crude fat using
the Soxhelet extraction.

Determination of the Cooking Yield

Cooking yield was determined as follows:
x100

Cooking Yield (%) =-2"""

Wo

where w, is the weight of patties before cooking and w, is
the weight after cooking.

Determination of the Moisture and Fat Retention

Moisture and fat retention were determined as follows:

% moisture in cooked patties

Moisture retention (%) = Cooking yield x - - -
% moisture in raw patties

% fat in cooked patties

Fat retention (%) = Cooking yield x
% fat in raw patties

Determination of the Diameter Reduction
Diameter reduction was calculated as follows:

Diameter Reduction (%) = (do_c;ﬂ
0

where d, is the diameter of patties before cooking and d,
is the diameter after cooking.

Sensory Analysis

The cooked beef patties were cooled to room temperature
and served in arandom order.Water and bread were served
after each sample to remove traces of the previous sample
from mouth. Ten trained panelists (academic staff of Adiyaman
University, Food Process, Food and Beverage, and Cookery
Departments) who were selected and trained according to
Yetim and Kesmen 8 assessed the sensory properties using
a hedonic scale for the appearance, color, brittleness, odor,
flavor, and overall quality. The values in the scale indicated
the following range of reactions: 1: dislike extremely to 9: like
extremely.

Statistical Analysis

Two replicates were performed for this study. The data
were subjected to analysis of variance (ANOVA), and the
results were expressed as mean + standard deviation (SD).
When there were differences among the samples, the
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differences were compared by Duncan’s multiple-range test
at the levels of P<0.01 and P<0.05 using a software (SPSS,
Chicago, IL, USA).

RESULTS

The Proximate Composition and pH Values of Raw Meat
Patties

The effects of different cereal and legume flours on the
pH and moisture values of raw beef patties were not found
to be significant (P>0.05, Table 7). Moisture and pH values
of raw beef patties were changed between 59.18-60.59%
and 5.59-5.78, respectively. The effects of differences in the
cereal and legume flours on the fat and protein values of raw
meat patties were found to be significant (P<0.01). As shown
in Table 1, CLFs decreased fat values. The lowest fat value

Table 1. Proximate composition and pH values of raw beef patties

Tablo 1. Ham sigir eti kéftelerinin nem, yag, protein ve pH degerleri

was found with rice flour. However, of all the cereals and
legumes, oat increased fat content of raw beef patties the
most. The highest protein content was found with soy flour.
Wheat, rye, and rice flour decreased the protein values of
raw beef patties.

The Proximate Composition and pH Values of Cooked
Meat Patties

The use of cereal and legume flours instead of fat did not
change the pH and moisture values of cooked beef patties
significantly. The effects of CLFs on the fat and protein
values were found to be significant (P<0.01). They decreased
the fat and moisture values of cooked beef patties. The
highest and the lowest fat values of cooked patties were
found in the control group and with rice flour, respectively
(Table 2). Of all CLFs, lentil flour increased fat values the
most. However, significant differences (P>0.05) were not

Fat and Flours pH Moisture (%) Fat (%) Protein (%)
Beef fat 5.61+0.14 59.85+0.45 16.95+0.15 ¢ 18.05+0.11%
Wheat 5.59+0.04 60.04+0.41 13.64+0.18° 17.97+0.14°
Barley 5.63+0.05 59.86+0.41 13.38+0.39%° 18.28+0.03"
Oat 5.65+0.04 59.18+0.24 13.82+0.04 18.47+0.10<
Rye 5.64+0.01 59.75+0.62 13.78+0.43b 18.01+0.04 °
Rice 5.62+0.02 60.59+0.50 12.62+0.44 2 18.00+0.16 °
Corn 5.62+0.03 59.93+0.78 13.23+0.41%° 18.58+0.17 ¢
Soy 5.78+0.02 59.84+0.35 13.47+0.18% 20.07+0.05
Chickpea 5.67+0.02 60.07+0.44 13.39+0.46%° 18.49+0.10<
Lentil 5.65+0.01 60.07+0.37 13.52+0.31° 18.89+0.03 ¢
SL NS NS S S

SL: significance level, NS: non-significance, S: significance, Mean values within a row followed by different letters are significantly

(P<0.05) different. Values are means + SD

Table 2. Proximate composition and pH values of cooked beef patties

Tablo 2. Pismis sigir eti koftelerinin nem, yag, protein ve pH degerleri

Fat and Flour pH Moisture (%) Fat (%) Protein (%)
Beef fat 5.75+0.04 54.44+0.63 15.36+0.54 ¢ 25.04+0.82¢
Wheat 5.73+0.01 55.07+0.36 14.15+0.59%° 22.07+0.81%
Barley 5.75%+0.04 55.20+0.54 14.29+0.17% 21.92+0.66°°
Oat 5.76+0.04 55.61+0.41 14.00+0.41% 22.07+0.13%
Rye 5.78+0.05 55.50+0.18 14.06+0.30* 21.56+0.22%°
Rice 5.77+0.04 54.46+0.75 13.70£0.09° 23.09+0.18"
Corn 5.77+0.08 54.96+0.92 14.1240.17%® 21.32+0.80*
Soy 5.88+0.06 54.68+0.64 14.40+0.02* 24.34+1.02¢
Chickpea 5.83£0.11 54.85+0.77 14.47+0.10% 22.65+0.66%
Lentil 5.84+0.13 54.88+0.50 14.67+0.15 22.18+0.52%
SL NS NS S S

SL: significance level, NS: non-significance, S: significance, Mean values within a row followed by different letters are significantly

(P<0.05) different. Values are means + SD




728
The Effects of Cereal and ...

found between the effects of CLFs, with the exception of
rice and lentil flours in terms of fat content.

The highest and the lowest protein values of cooked
beef patties were found with the control and corn flour,
respectively (Table 2). The increasing fat loss increased protein
values of the control group. However, significant differences
(P>0.05) were not found between the effects of CLFs, with
the exception of rice, corn and soy flours in terms of protein
content.

Cereal and legume flours increased the cooking yield of
beef patties significantly (P<0.01, Table 3). CLFs applications
decreased the diameter reduction values of cooked beef
patties. These values in the beef patties were lower with corn,
rye, and rice flours.

Sensory Properties

The effects of cereal and legume flours on the sensory
parameters were found to be significant (P<0.01) with the
exception of texture scores. The appearance and colour scores

Table 3. Physical and chemical properties of cooked beef patties

Tablo 3. Pismis sigir eti koftelerinin fiziksel ve kimyasal 6zellikleri

with wheat, barley, oat, rye, rice, corn and chickpea flours
were significantly higher than those of the control, soy, and
lentil flours (Table 4). The lowest colour score was found with
lentil flour.

Odour scores with wheat, oat, rye, rice, corn and chickpea
flours were found to be higher (Table 4). There were also no
significant differences between them. The effects of cereal
and legume flours on the flavour scores were found to be
significant. The oat, rice, and wheat flours increased overall
quality scores more than did other cereal and legume flours
(Table 4). However, lentil flour significantly decreased the
scores of sensory parameters. Overall quality scores of CLFs,
with the exception of soy and lentil, were higher than those
of beef fat.

DISCUSSION

95% of the formulations of beef patties had the same
content. Therefore, the difference in the rates of protein
contents of raw beef patties may be caused from protein

Fat and Flours Yield (%) Moisture Retention (%) Fat Retention (%) Diameter Reduction (%)
Beef fat 76.22+2.95° 69.33£2.96° 69.17£5.712 21.91+064°
Wheat 87.70+1.32° 80.44+1.19> 91.07+6.40° 18.42+0.60°
Barley 87.72+2.28" 80.90+2.33"¢ 93.76+6.25° 18.13£0.45°
Oat 88.84+2.06"° 83.48+2.21°¢ 90.07+4.96° 17.93£0.01°
Rye 87.63+1.86° 81.39+1.16> 89.54+6.64° 17.34+0.37
Rice 84.92+2.76° 76.34+2.91° 92.26+6.85° 17.52+0.58*
Corn 87.18+2.74° 79.94+2.80 93.17+6.96° 16.56+0.59°
Soy 85.82+2.58" 78.41+2.82% 91.77+3.85° 18.18+0.37°
Chickpea 86.80+2.62° 79.27+2.92" 93.89+6.70° 18.13+£0.59°
Lentil 86.66+0.40° 79.17+0.12%¢ 94.09+2.69° 17.97+£0.37°
Mean values within a row followed by different letters are significantly (p<0.05) different. Values are means + SD

Table 4. Sensory properties of cooked beef patties

Tablo 4. Pismis sigir eti koftelerinin duyusal 6zellikleri

Fat and Flours Appearance Colour Odour Texture Flavour Overall Quality
Beef fat 5.30+0.57° 5.80+0.57 *° 6.50+0.00> 6.20+0.14° 6.40+0.00 b 6.05+0.07°
Wheat 7.20£0.57° 7.60£0.57 ¢ 7.05+0.35°¢ 7.05+0.07 ° 6.95+0.21 < 7.20+0.42¢
Barley 6.75+0.07° 6.95+0.07°< 6.40+0.42" 6.40+0.71° 6.45+0.35 b 6.65+0.35
Oat 7.10£0.57° 7.10+0.28 <4 7.45+0.35°¢ 7.15+0.49° 7.40+0.14 ¢ 7.40+0.28¢
Rye 6.85+0.78" 7.15£0.21 ¢ 6.90+0.28°¢ 7.05+0.07 ° 6.60+0.00°¢ 6.75+0.49
Rice 7.05+0.35° 6.95+0.78° 6.55+0.49°¢ 6.95+0.35° 6.70+0.28° 7.35+0.35¢
Corn 6.80+0.14° 7.00+0.14°< 6.75+0.21°¢ 6.35+0.49° 6.25+0.07 b 6.50+0.00"
Soy 5.55+0.64° 5.85+0.64%¢ 5.50+0.572 6.05+0.64 ° 5.95+0.49 ° 5.80+0.42°
Chickpea 7.00+0.71° 7.20+0.85 ¢ 6.90+0.71°¢ 6.70+0.42° 6.55+0.07°< 6.75+0.35
Lentil 5.45+0.49° 4.80+£0.42 ° 4.75+0.49° 5.15£1.20° 4.50£0.85 ° 5.00+0.712
Mean values within a row followed by different letters are significantly (p<0.05) different. Values are means + SD
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contents of the flours. Protein rates in the beef patties were
increased with cooking process associated with loss of
moisture. Of all CLFs, soy flour increased the protein values
of raw and cooked beef patties at the best. The protein
content of soy flour and the increasing fat and moisture loss
in cooked beef patties may play an important role in increasing
the protein values of cooked beef patties.

Although there is no statistically significant difference
between the beef patties with CLFs, oat flour increased
cooking yield the most compared to other CLFs. This result
might be due to the highest moisture retention of cooked
patties with oat flour (Table 3). Cooking yield in meat patties
primarily depends on moisture and fat retention. As shown
in Table 3, the use of cereal and legume flours instead
of fat increased the moisture and fat retention of cooked
meat patties significantly (P<0.01). In particular, the effect
of oat flour on the moisture retention was found to be the
greatest. However, the moisture retention values for rice
flour in beef patties were found to be lower compared to
other CLFs (Table 3). Serdaroglu ' reported that oat flour
can be used in beef patties as an extender in order to
provide higher fat and moisture retention. Giese ' reported
that oat products such as oat bran and oat fibre increased
moisture retention of low-fat meat products. Talukder and
Sharma 8 reported that oat bran showed a greater effect
on water-holding capacity than did wheat bran in chicken
meat patties. Moreover, the protein and starch content of
cereals and legumes may affect moisture and fat retention
of cooked beef patties. During the cooking process, proteins
form a gel matrix which can retain some components inside
it 1*2°. Meat and non-meat protein interactions may also
affect gel properties.

During the cooking process, gel formation and changes
in the moisture and fat retention may affect the size and
shape of the meat patties '. Alakali et al.*' reported that
shrinkage in patties during heating is caused by muscle
protein denaturation, water loss and melted fat drainage. In
particular, corn flour significantly decreased the diameter
reduction values. This effect of corn flour might be due to
its starch and protein content and gel formation properties.
Starch may play an important role in improving low-fat meat
patties “?'. Moreover, thermally denatured proteins formed
irreversible strong gels '° that may be responsible for the size
and shape of the products 224, Ziegler and Acton " reported
that heat treatment allows protein-protein interactions,
which cause a stronger protein matrix.

Colour scores were found to be higher with wheat,
chickpea, and rye flours.This difference might be due to the
effects of the cooking process on the colour pigments. The
lowest odour score was found with lentil flour. The differences
in the odour scores of beef patties might be affected the
flour sources and their usage levels.

Rye, rice, chickpea, wheat, and oat flour increased flavour
scores of beef patties more compared to beef fat. As shown

in Table 4, flavour scores increased the most with oat flour and
decreased with lentil flour. Giese ' reported that oat bran was
used to improve mouth feel of low-fat cooked meat patties.
Moreover, Pszczola % reported that oat bran imitated fat
in low-fat meat products. Cereal and legume flours might
affect the flavour of beef patties because of their different
flavour characteristics. Moreover, the cooking process might
affect these flavour differences.

Cereals and legumes used in this study with the exception
of lentil flour, have improved the quality of beef patties.
Although lentil flour had a positive effect on the physical
and chemical properties of beef patties, it had a negative
effect on the sensory scores. Among the cereal flours, oat
has a high potential for use in beef patties. Moreover, among
the legume flours, chickpea flour had higher performance
in beef patties.

REFERENCES

1. Giese J: Developing low-fat meat products. Food Technol, 46 (4): 100-108,
1992.

2. Troutt ES, Hunt MC, Johnson DE, Claus JR, Kastner CL, Kropf DH,
Stroda S: Chemical, physical, and sensory characterization of ground
beef containing 5 to 30 percent fat. J Food Sci, 57 (1): 25-29, 1992.

3. Egbert RW, Huffman DL, Chen C, Dylewski P: Development of low-fat
ground beef. Food Technol, 45 (6): 64-73,1991.

4. Berry BW: Sodium alginate plus modified tapioca starch improves
properties of low-fat beef patties. J Food Sci, 62 (6): 1245-1249, 1997.

5. Lin K-W, Mei MY: Influences of gums, soy protein isolate, and heating
temperatures on reduced-fat meat batters in a model system. J Food Sci,
65 (1):48-52, 2000.

6. Serdaroglu M, Yildiz-Turp G, Abrodimov K: Quality of low-fat meatballs
containing Legume flours as extenders. Meat Sci, 70 (1): 99-105, 2005.

7. Hathwar SC, Rai AK, Modi VK, Narayan B: Characteristics and consumer
acceptance of healthier meat and meat product formulations-a review.
J Food Sci & Tech - Mysore, DOI: 10.1007/s13197-011-0476-z, 2011.

8.Talukder S, Sharma DP: Development of dietary fiber rich chicken meat
patties using wheat and oat bran. J Food Sci Tech - Mysore, 47 (2): 224-229, 2010.

9. Verma AK, Banerjee R: Dietary fibre as functional ingredient in meat
products: a novel approach for healthy living - A review. J Food Sci Tech -
Mysore, 47 (3): 247-257, 2010.

10. Gokmen M, Giirbiiz U: Use of Chitosan in Turkish Sausage (Sucuk)
Productionand Eff ects on Quality. Kafkas Univ Vet Fak Derg,17 (Supple A):
S67-571,2011.

11. Serdaroglu M: The characteristics of beef patties containing different
levels of fat and oat flour. Int J Food Sci Tech, 41 (2): 147-153, 2006.

12. Modi VK, Mahendrakar NS, Narasimha RD, Sachindra DNM: Quality
of buffalo meat burger containing legume flours as binders. Meat Sci, 66
(1): 143-149, 2004.

13. Kilinggeker O, Kurt S: Effects of chickpea (Cicer arietinum) flour on quality
of deep-fat fried chicken nuggets. J Food Agri Environ, 18 (2): 47-50, 2010.
14. Wang N, Daun J K: Effects of variety and crude protein content on
nutrients and anti-nutrients in lentils (Lens culinaris). Food Chem, 95 (3):
493-502, 2006.

15. Kilincceker O, Hepsag F: Edible coating effects on fried potato balls.
Food Bioprocess Techn, 5 (4): 1349-1355, 2012.

16. Ockerman HW: pH measurement. In, Quality Control of Postmortem
Muscle Tissue. Vol. 2, 2™ ed., The Ohio State University, Columbus, Ohio,
1985.

17. AOAC: Official Methods of Analysis of AOAC International. 17" ed.,



730
The Effects of Cereal and ...

USA, 2000.

18. Yetim H, Kesmen Z: Food Analysis. The Sensory Analysis of Foods. 2™
ed., (in Turkish). University of Erciyes, Publication No: 163, Kayseri - Turkey,
20009.

19.Ziegler GR, Acton JC: Mechanisms of gel formation by proteins of muscle
tissue. Food Technol, 38 (5): 77-82, 1984.

20. Ker YC, Toledo RT: Influence of shear treatments on consistency and
gelling properties of whey protein isolate suspensions. J Food Sci, 57 (1):
82-86, 1992.

21. Alakali JS, Irtwange SW, Mzer MT: Quality evaluation of beef patties
formulated with bambara groundnut (Vigna subterranean L.) seed flour.

Meat Sci, 85, 215-223, 2010.

22. Berry BW: Modified pregelatinized potato starch in low-fat ground
beef patties. J Muscle Foods, 4 (4): 305-320, 1993.

23. Serdaroglu M, Degirmencioglu O: Effects of fat level (5%, 10%, 20%)
and corn flour (0%, 2%, 4%) on some properties of Turkish type meatballs
(koefte). Meat Sci, 68 (2): 291-296, 2004.

24, Kurt S, Kilinggeker O: Mixture optimization of beef, turkey, and chicken
meat for some of the physical, chemical, and sensory properties of meat
patties. Poultry Sci, 90 (8): 1809-1816, 2011.

25. Pszczola DE: Oat-bran-based ingredient blend replaces fat in ground
beef and pork sausage. Food Technol, 45 (11): 60-66,1991.



